Abstract The year 2007 marked a critical event in the world history. For the first time, more than half of the world population now lives in cities. In many developing countries, the urbanization process goes along with increasing urban poverty and polluted environment, growing food insecurity and malnutrition, especially for children, pregnant and lactating women; and increasing unemployment. Urban agriculture represents an opportunity for improving food supply, health conditions, local economy, social integration, and environmental sustainability altogether. Urban agriculture is present throughout the world in a diversity of farming systems. Urban dwellers ranging 25-30 % are involved worldwide in the agro-food sector. Urban agriculture will gain in recognition for its benefits and services because urban population and rural-urban migration are increasing. The actual scarcity of knowledge on urban agriculture has somehow hindered the relevance of this activity. Here, we review the social, cultural, technical, economic, environmental, and political factors affecting urban agriculture with examples taken in East Asia, South America, or East Africa. We discuss the definition, benefits, and limitations of urban agriculture. Food security benefit of urban agriculture is evidenced by 100-200 million urban farmers worldwide providing the city markets with fresh horticultural goods.
Introduction
On May 23, 2007, for the first time in human history, the rate of population inhabiting urban centers overtook the rural one: Both the North Carolina and Georgia Universities have estimated that in that day the urban population reached 3.303.992.253 people, whereas rural population amounted at 3.303.866.404 (ScienceDaily 2007) . The urban population expansion is more pronounced in developing countries as the result of rural-to-urban migration and natural population growth (FAO 2007; City Farmer 2011; FAO-FCIT 2011) . At global level, an estimated 2 and 14 % of the world population lived in cities in 1800 and in 1900, respectively. Projections indicate that by 2020, 55 % of the world population will live in the urban centers, and this percentage will rise up to 60 and 70 % in 2030 and 2050, respectively (Table 1) . It is also estimated that across emerging economies and developing countries an exceptional growth of urban population will be observed (UNFPA 2007; CFSC 2011) . If in Latin America, already about 80 % of the population live in cities, in Africa and Asia, the actual rates will double from 2000 by 2030. The growing urbanization can also be observed among the metropolis (cities with more than 1,000,000 inhabitants), which were only 83 in 1950, and more than 400, with 21 megalopolis (over 10,000,000 inhabitants) in 2006 (Table 2 ). In 2020, it is foreseen that there will be at least 27 megalopolis, out of which 13 in Asia, 6 in Latin America, 5 between Europe and North America, and 3 in Africa (Batty 2008) . The trend of urbanization is reversing in industrialized countries; rather than escaping from the cities toward rural areas, urban dwellers are now moving to smaller centers with good connections to the city. Annual urban growth rates are the most striking figures to describe situations in developing countries (4.58 % in sub-Saharan Africa, 3.82 % in Southern-Eastern Asia, and 3.39 % in Eastern Asia) (UN-HABITAT 2008a) . Such figures mean that not only mega-cities are growing but also small and medium cities. The fastest growing city in Africa between 1990 and 2006 was Nakuru in Kenya for instance (13.3 % average annual growth, UN-HABITAT 2008b) . Indeed, more than 53 % of the world's urban population live in cities of fewer than 500,000 inhabitants (UN-HABITAT 2008a) . That has tremendous consequences in urban planning, not (well) anticipated in small cities, and in the fresh food supply in particular.
The urbanization process brings indeed a wide range of unwanted consequences, which go from the reduction of fertile lands to deforestation, air and water pollution, reduced drainage of the rainfall, and the creation of periurban areas where socio-economic constraints are exalted and poverty is condensed (Baud 2000) . Historically, cities have served as engines of social progress and national economic growth. Over the past 60 years, there is a strong association between economic growth and urbanization, and most of the world's poorest nations remain among the least urbanized nations (Satterthwaite et al. 2010) . Poverty was mainly found in rural areas and cities were places not of misery and despair but of opportunity for employment and improving living conditions through the economies of scale. However, during the past two decades, urban poverty has been increasing especially in least developed countries. As reported by Piel (1997) , the world's poor once huddled largely in rural areas. In the modern world, they have gravitated to cities.
According to the United Nations (UN-HABITAT 2010), about 12.6 % of the global population (32.7 % of urban population) lives in areas classified as slums. Furthermore, more than half of the urban population lives below the poverty line in Angola, Armenia, Azerbaijan, Bolivia, Chad, Colombia, Georgia, Guatemala, Haiti, Madagascar, Malawi, Mozambique, Niger, Sierra Leone, and Zambia. In other nations, such as for instance Burundi, El Salvador, Gambia, Kenya, Kirghizstan, Moldavia, Peru, and Zimbabwe, the percentage range from 40 to 50 % (UNFPA 2007) . Across the world, the population living in the city "slums" (also called "bidonvilles" or "favelas") is equal to about 1 billion people, out of which 220 million are in Africa, 598 million in Asia, and 134 million in Latin America (UN-HABITAT 2008a) . In these agglomerates, the poor are more exposed to both work and food insecurity, and more subjected to violence and criminality. The lack of economical resources, and therein of political power, is the major cause of this vulnerability. Although food is easily found in local markets, most slum dwellers cannot afford its cost, especially for fruit and vegetables. The majority of the urban poor of Accra in Ghana and Kampala in Uganda spend most of their income to feed themselves; however, their food consumption remains insufficient in quality and quantity (Drescher 2004) . Moreover, these people are more vulnerable to the macroeconomic fluctuations such as inflation and price rises (Garrett and Ruel 2000) .
The poor management of resources in urban areas leads to a depletion of the opportunities of living in cities. Instruments and tools that could alleviate poverty are not available and may explain the dramatic increase in poverty in urban areas. The intervention of international development agencies in this field is relatively new (UNFPA 2007) . The development of urban agriculture in general and urban horticulture in particular is one of the major strategies that is being spontaneously adopted in developing countries to address urban poverty and improve well being of city dwellers. Improving health conditions allows to develop a more sustainable and stable economic growth at both family and community levels. In peri-urban and rural areas of the tropics, human health issues are frequently related to malnourishment of the population affecting more than 2 billion people in 2000 according to FAO-WHO (WHO 2003) . Fruits and vegetables are an important part of balanced diets and are widely recognized as a fundamental source of minerals, vitamins, and other antioxidant compounds in human nutrition. Nevertheless, in many regions of the developing world, the consumption of fruits and vegetables falls far short of the daily minimum intake of 400 g per person per day, or about 150 kg per person per year-recommended by the joint WHO-FAO Expert Consultation on Diet, Nutrition and Prevention of Chronic Diseases for the prevention of noncommunicable diseases and of micronutrient and vitamin deficiencies (WHO 2003) -both for a lack of tradition and culture in their cultivation and use, or simply because people do not have enough money to purchase them. In addition to their dietary benefits, fruits and vegetables are high value crops (Temu and Temu 2006) that can often provide excellent income generating opportunities for small-scale farmers, many of whom are women. Thus, improving health condition and reducing poverty may be pursued through the increase in fruit and vegetable cultivation and consumption. This is, however, going beyond simple technical innovation and organizational improvement: Giving to horticulture a role to play in food city supply is promoting diversification of crops and species, of farming and trading systems, and of consumption behaviors and habits. Such a diversification approach integrates linkages between rural and urban communities, combining sustainable production with responsible trade and consumption (FAO-FCIT 2011) .
The present review aims to describe the state of the art of urban horticulture in developing countries, providing a critical overview of main available information on the subject. To date, the full recognition of the main features of urban horticulture has been hindered by a lack of good quality, reliable data. Although research has scarcely addressed this topic (Ruel et al. 1998 , De Bon et al. 2010 , a rather extensive literature may be found, ranging from technical documents, technical bulletins, and project reports. Therein, most of the hereby cited sources will not refer to academic studies, but often to nonscientific sources. 2 Recognition of urban agriculture Agriculture has always been associated with the imaginary of the rural environment, and as a matter of fact, its related activities were most of the time confined to such context. Based upon this, for long time, it has been considered that, in order to feed the urban population, it would be sufficient to rely on the rural crop production. For many cities of the world developing countries, however, this turned out to be rather wrong, mainly as a consequence of the scarce infrastructures (transports, roads, markets, etc…) and for the low purchasing power of the indigent population (Drescher 2004) . With the time, indeed, the increase in poverty and the high unemployment rates, altogether with the opportunities that the city, on the other hand, can offer-such as the food demand and the vicinity to the markets-have stimulated the development of a variety of cropping and food systems in the cities and their surroundings, mainly specialized in the production of fresh vegetables, milk, eggs, and chickens (Table 3 ). The term urban agriculture was coined to describe both plant cultivation and animal rearing for home consumption and income generation in cities. Moreover, urban agriculture includes other interrelated activities, such as the production and selling of agricultural inputs, and postharvest handling and marketing of agricultural produce (Table 4 ). The main features of this type of activities are as follows:
-Urban agriculture is defined as production in the home or plots in urban or peri-urban areas. As such, it is in most of the cases an informal activity quite difficult to characterize with accurate data and trends (Ruel et al. 1998; FAO 2003 ). -Urban agriculture includes vegetable and fruit tree cultivation, as well as other specialized crops (e.g., medicinal and ornamentals), wood production, small-scale animal rearing (ranging from common, such as bovines and poultry, to local species, such as Guinea pigs), bee keeping, and also aquaculture (combined fish and plant culture) (Drescher and Iaquinta 1999; Mougeot 1994; FAO 2001; Ghosh 2004 ). -It is generally conducted near markets; -Owing to the high competition for land, it occurs in limited spaces. -Urban agriculture uses city water and recycles organic discards. It has, therefore, a beneficial role in managing natural resources for a sustainable environment (FAO 2010); -Its produce is freshly marketed, without further processing; -Most farmers involved in the urban agricultural activities are characterized by a low level of organization.
At present urban agriculture is complementary to the rural production (mainly by providing perishable products such as vegetables, milk, and eggs, Table 3 ), and it is now well established that it improves food systems for city supply (van Veenhuizen 2006) . Evidences of the increasing role of urban agriculture are available for several cities: Urban agriculture occupies more than 21,000 ha in Cagayan de Oro City (Philippines) (Potutan et al. 2000) ; in Havana-Cuba, about 12 % of urban land is dedicated to agriculture (Cruz and Medina 2003) ; and more than 11,000 ha are used for agricultural production in Jakarta (Indonesia) (Purnomohadi 2000) . The production appears to be extremely diversified, and it includes among other things corn, vegetables, flowers, and livestock production within the city of Harare (Zimbabwe) (Ghosh 2004) . About 100,000 tons of fresh foods are produced in Dar es Salaam (Tanzania) yearly ; 100 % of milk and 90 % of eggs consumed in Shanghai (China) are produced within the city boundaries (Yi-Zhang and Zhangen 2000).
However, according to Mougeot (2000) , the most important feature of urban agriculture is not merely represented by its localization within the city boundaries but by its increasing relevance in the urban texture both at a socio-economical and (Ghosh 2004) . From a study of Zezza and Tasciotti (2010)-using survey data from fifteen countries across the four principal development regions, i.e., Asia (Bangladesh, Indonesia, Nepal, Pakistan, and Vietnam), Africa (Ghana, Madagascar, Malawi, and Nigeria), Eastern Europe (Albania and Bulgaria), and Latin America (Ecuador, Guatemala, Nicaragua, and Panama)-the shares of urban households that earn income from agriculture vary from 11 % in Indonesia to almost 70 % in Vietnam and Nicaragua. In 11 of the 15 countries in dataset, the share of households participating is over 30 %.
These figures clearly indicate the important role of urban agriculture among the activities of the informal sector (Mbiba 1995; Obosu-Mensah 1999) . During the past 25 years, the number of actions (at international, national, and local levels) addressing the promotion of urban agriculture has increased steadily, though there is still a certain institutional reluctance for the inclusion of urban agriculture in urban master plans (Drescher 2001; Cissé et al. 2005) . For instance, in the peri-urban areas of Nairobi (Kenya) and many other African cities, agriculture was discouraged and for long time forbidden in order to prevent street criminals to hide (Foeken and Mwangi 1998; Ghosh 2004; Ayaga et al. 2005) . On the opposite side, there are many countries where governments promote the development of urban agricultural production. In Latin America, Argentina, Brazil, and Cuba have developed national policies and programs that promote urban horticulture (van Veenhuizen 2006) . In Africa, the Democratic Republic of the Congo has created an effective institutional structure for national urban horticulture development. Municipal committees chaired by city mayors manage the process of regularizing titles to land for horticulture and integrating urban horticulture into urban planning, while the country's national urban horticulture support service provides technical advice to growers through a network of offices in 11 provincial capitals . In Shanghai (China), a program that promotes the city selfsufficiency in cereals allows a yearly production of 2 million tons of wheat (Yi-Zhang and Zhangen 2000) . In Cagayan de Oro City (Philippines), the local government in collaboration with Xavier University adopted measures that aimed at facilitating the cultivation of community gardens among the poorest households (Holmer et al. 2003; Holmer and Drescher 2005) . In Accra (Ghana), the Ministry of Food and Agriculture pledged its support for urban agriculture in a Vision Statement (Obuobie et al. 2006 ) and started on different sites in the city to explore the ground for safer irrigation water. Following a directive from the central government, the municipality of Bamako (Mali) started to explore the possibilities of leasing to farmers up to 600 ha near Bamako's international airport (Velez-Guerra 2004) . In Niamey (Niger), the overall urban development plan of the city considers the intensification of irrigated and rainfed agriculture, particularly along the Niger River (Cissé et al. 2005) . Moreover, the United Nations have indicated that the promotion of urban agriculture is one of the key strategies to address the Millennium Development Goals (Mougeot 2005) .
As a consequence of the increased awareness on the important role of urban agriculture, new research activities have taken place in this field since the early 1990s. For instance, the International Development Research Centre (IDRC Canada) led efforts to support the urban agriculture initiatives worldwide. In 2000, the Consultative Group on International Agricultural Research (CGIAR) included urban agriculture among the research priorities, through an innovative system wide program called "Urban Harvest." Since then, several National Research Centres in Argentina, Kenya, Senegal, and Niger, to name a few, have included urban agriculture in their research programmes (van Veenhuizen 2006) . It seems that promoting urban agriculture was not fully politically correct since both programs of IDRC and CGIAR have ended at about the same time in 2010 and have not been taken over despite huge amount of experience and lessons learned ).
Pros and cons of urban agriculture
As defined above, urban agriculture presents social, environmental, and economic impacts on the city (Fleury and Ba 2005) . Urban agriculture positively contributes to many of the problems affecting the urban environment. At the same time, when using poor practices, it can have a negative impact on human health and the environment. Consequently, guidelines on appropriate urban and periurban agricultural practices are required, which can be properly understood and followed only with a higher awareness of the population (all consumers, actors of the food chain, and policy makers as well) and a better education. The main strengths and weaknesses of urban agriculture may be synthesized as follows (Drescher 2004; Ghosh 2004; van Veenhuizen 2006 ):
Food and nutrition security
The contribution of urban agriculture to food and nutrition security is probably its main strength, since agricultural production in cities provides the poorest with a greater access to food ) filling an essential share of nutritional needs (Gockowski et al. 2003; Kahane et al. 2005; Smith and Eyzaguirre 2007) . In a study where descriptive statistics and multivariate analysis were used to assess how participation in urban agriculture impacts dietary adequacy (Zezza and Tasciotti 2010) , the results confirmed that engagement in farming by urban households can allow them consuming better, more nutritious diets.
Of the estimated 800 million people engaged worldwide in urban agriculture, 200 million produce for the market (ArmarKlemesu 2000). These data are likely overestimated, since they are mainly derive from estimates by the Urban Agriculture Network based on individual experiences and observations and extrapolation from data. As a matter of fact the amount of quantitative work on urban agriculture that has been published is limited (Zezza and Tasciotti 2010) , and one substantial strand of the literature on urban agriculture is driven by an advocacy objective, more than by analytical rigor (Ellis and Sumberg, 1998). FAO evaluations (1996) are more conservative than those cited above, stating that 100 million people are estimated to earn some income directly from urban farming. Table 5 lists various estimated contributions of urban agriculture to income generation in various African cities.
Health
An easier access to safe and nutritious food (mainly fresh products) helps improve health conditions of the urban poor. However, the agricultural production in polluted areas of the cities may pose a serious threat to public health. This aspect still remains essentially unexplored (Birley and Lock 2000; Danso et al. 2003; Aubry et al. 2012 ), but should not be overlooked, and therein, regulation and prevention measures should be reinforced. All risks that are usually encountered in traditional rural farming should be carefully considered. Following the assessment in wastewater quality made in Nairobi, Kenya by Karanja et al. (2010) , the major challenges to address include:
-Contamination by pathogens that results: (a) from irrigation with polluted water, (b) inappropriate use of organic fertilizer (e.g., fresh animal dejections or non composted urban wastes that are in direct contact with edible parts of the plants), and (c) poor hygienic practices during post harvest and handling activities (viz., transport, transformation and marketing) -Contamination as a consequence of inappropriate use of pesticides -Contamination of soil and products with heavy metals as a consequence of agricultural production along roads with high traffic or near industrial discharges -Disease transmission to human from animal production (viz., bird flu) -High occurrence of insects/disease vectors (e.g., mosquitoes) attracted by the agricultural production (Klinkenberg et al. 2008 ).
Development of the local economies
As previously indicated urban farming is a source of income for many urban poor, and it allows reducing the costs of food purchase, since it is estimated that those urban poor spend between 60 and 85 % of their income just to feed themselves (Mougeot 2005; Redwood 2008 ). This makes them highly vulnerable to food price hikes (Zezza et al. 2008; Dessus et al. 2008) . The slum dwellers who grow their own food can provide food for their families and thereby reduce the costs of food purchase (Moustier and Danso 2006; IDRC 2011) . Urban farming creates job opportunities (Agbonlahor et al. 2007 ) and stimulates the growth of enterprises in the related activities (e.g., farming inputs, food processing, packaging, marketing, etc.) (IIED 2011). Although urban agriculture does not appear to be the major urban economic activity, in a number of countries, there is a significant share of the urban population that relies on the production of crop and livestock products for their livelihoods (Zezza and Tasciotti, 2010) . Urban agriculture is eminently an activity practiced by the poor, and, with the rise of food demand in cities, small-scale farming gradually shift from subsistence farming to commercial farming (Cour 2001; Dossa et al. 2011) . As a matter of fact, with few exceptions, a clear negative correlation between participation in agricultural activities and level of welfare has been noted (Zezza and Tasciotti 2010).
Social inclusion and gender relations
Urban farming is an important mean for the integration of disadvantaged people or social groups (e.g., immigrants, indigent or left women, unemployed, elders, disabled, etc.) since it promotes and ease their participation in the social texture and provides them with better living conditions (Novo and Murphy 2000) . Many advantages, both on the individual wellness than on the sustainability of the activities, are found when the cultivation is operated at group or associations level, since the negative impact of the market fluctuations are less severe, both the entrepreneurial risk and the costs are reduced (e.g., for renting the lands, transports, technical assistance), and the contracting power is improved. Moreover, the group may access to easier relations with the institutional actors (e.g., for access to land, credit, and markets), and with national and international development agencies. Finally, within the groups, the interpersonal relations among producers are strengthened (Smit and Bailkey 2006; Orsini et al. 2009 ). Such association may play a crucial role in the training of farmers, in the development of infrastructure, in the processing, marketing, and quality control of produce (van Veenhuizen 2006) . Urban farming also plays a crucial role in recreational and educational activities. This is particularly true for the youth. In the community gardens of North East of Brazil, it is common to find children playing in the gardens and helping their parents to grow plants (Fig. 1) . This keeps them away from the street and at the same time provides them with knowledge on some agricultural practices that alternatively would be lost within few generations. Moreover, it allows creating or maintaining biodiversity, with a transfer of knowledge between grandparents and children on the traditional practices and species. At school, gardens play an important educational function allowing to better describe concepts of not only biology and agronomy but also mathematics, physics, and chemistry (FAO School Gardens 2005; Smit and Bailkey 2006; Mezzetti et al. 2010) . Evidence from cities around the world underscores the positive impact of urban agriculture on women, youth, and children (e.g., Mawois et al. 2011) . Worldwide, it is estimated that about 65 % of urban farmers are women (van Veenhuizen 2006). These women often occupy managerial position (e.g., group coordinator, representative in the management group, associate in institutionally recognised bodies, etc.), and this allows for a better integration in the social texture of the community (Diaz-Albertini 1991; Oths 1998; Orsini et al. 2009 ; FAO Gender 2011).
Ecological aspects and environmental impact
Pollution in rapidly expanding cities poses a serious threat to public health. Of a paramount importance is waste management that represents a serious concern in most cities worldwide. Waste management to urban agriculture can help to keep the urban environment clean and boost production of fresh food (Smit et al. 1996) through the production of compost from organic wastes and the recycling of inorganic wastes (such as, for instance, the use of plastic bottles, tanks, and car tires for soilless cultivation) Buechler et al. 2006; Orsini et al. 2009 ). The expansion of green areas within the cities favors their microclimate and helps maintain the biodiversity (Konijnendijk and Gauthier 2006). The presence of trees, as well as herbaceous species, reduces the suspended dust and the air pollution rate of many compounds, among which the nitrogen dioxide (NO 2 ) (Harris and Manning 2010) . Urban farming contributes to the reduction of the ecological impact of the cities by both waste recycling (Coffey and Coad 2010) , and by reducing emission for transport, packaging, storage, etc., since the production areas are close to the final consumers (Ghosh 2004; de Zeeuw 2010) . For instance, compost extracts derived from urban household waste are used for the control of plant diseases in Lomé and Tsévié (Togo), and Dakar (Senegal) (Kessler and Helbig 2001) . Furthermore, urban solid waste has been successfully used in urban agriculture in Accra (Ghana) (Asomani-Boateng 2007) , also through the use of human decay as an alternative source for plant fertilization (Cofie et al. 2004; WHO 2006) . Urban farming indeed allows the requalification of underutilized and degraded lands (Smit et al. 1996) , such as those that run below electric lines or along water courses-seasonally affected by flood-or railways, or within industrial areas. In the city suburbs, farming plays the role of connecting the city to the countryside. It should, however, be considered that if not properly managed, it may represent a menace for the water upon and below the ground, for the uses of fertilizers, pesticides, and animal discards (Buechler et al. 2006; Tixier and de Bon 2006) . This is of particular concern since the city expansion mostly relegates urban farming within marginal lands, such as wet zones or hills, which are the most sensitive to environmental risks. The impact and sustainability that urban farming has on the social, economic, and environmental aspects depends on the considered typology and the adopted cropping systems.
Urban horticulture
As mentioned earlier, urban agriculture includes various production systems among which cropping activities are more common than livestock activities (Zezza and Tasciotti, 2010) , and horticulture generally represents the major component. For instance, this system is considered as a typical feature of many West African cities and has been described for Ouagadougou and Bobo Dioulasso, Burkina Faso (Centrès 1996; Freidberg 1997; Eaton and Hilhorst 2003; Dossa et al. 2011); for Cotonou, Benin (Brock and Foeken, 2006) ; for Lagos, Kano and Port-Harcourt, Nigeria (Ezedinma and Chukuezi 1999; Dossa et al. 2011) ; for Niamey, Niger (Graefe et al. 2008) ; for Bamako e Sikasso, Mali (Centrès 1996; Eaton and Hilhorst 2003; Dossa et al. 2011) ; and for Accra, Ghana (Etuah-Jackson et al. 2001) , where it has been identified as the dominant system (Danso et al. 2002) (Fig. 2) .
With regard to its nutritional value on the one hand, and its value addition on the other hand, horticultural crop productions provide better livelihoods and additional incomes to all major stakeholders involved in the horticulture value chain (Table 6 ). Fruit and vegetable crops, if compared to other food crops (e.g., grains), have a much higher yield potential, up to 50 kg/m 2 fresh produce per year, depending on cultivated species and technologies adopted (Drescher 2004) . Trainer (1995) described the highest relative yield encountered within family gardens and indicated that 230 m 2 was the minimum area required to feed one individual. However, quantifying the smallest surface to be cultivated for ensuring family needs may be extremely hard, since it may consistently vary from the species cropped, the water availability, and the level of technology used. For instance, while Nicaragua home kitchen gardens averaged about 2,300 m 2 of land (Méndez et al. 2001) , in NorthEast Brazil, household needs could be satisfied with a simplified soilless garden as little as 18 m 2 ). Urban horticulture may include all fruit and vegetable food crops (including roots, tubers, tree nuts, aromatic plants, and mushrooms) or medicinal and ornamental species (Table 7) . Therefore, the adopted crop production systems are strongly related to the local culture and traditions. In general, within cities it is preferred to grow short cycle and highly perishable crops, while peri-urban areas are mostly dedicated to medium or long cycle crops and orchards.
Urban and peri-urban farming is substantially different from rural agriculture regarding two dimensions: land and human resources. Land availability represents the highest limiting factor to production in and around cities. Therefore, sustainable intensification of crop production (more than four harvests per year) and cultivation of high value crops are recommended in the cities (Table 8 ) (de Bon et al. 2010) . However, such an intensification requires labour that also becomes limiting in skill and availability: Many urban household members have other activities in competition with farming (Temple and Moustier 2004) . The choice of horticultural crops is also determined by the fact that, as compared to other agricultural activities, horticulture presents a more efficient use of the natural resources, such as soil and water (Drescher 2004) . Referring to soil and water availability, urban horticulture can be classified into three categories (Drescher and Iaquinta 1999) :
-Intensive horticultural systems, with the use of advanced cropping technologies (e.g., localised irrigation and soilless systems), including small-medium scale nurseries -Mini-or microgardens (also using simplified soilless systems) for the production of vegetables, mushrooms, or cash crops (such as ornamentals, exotic, aromatic, and medicinal plants) (FAO 1995 ) -Community gardens, where the land is provided by the local administrations and is subdivided into individual plots of some hundreds square meters each.
Urban horticulture is generally encouraged and promoted in developing countries for the important role it plays in contributing to food and nutrition security, generating income, and creating employment (Weinberger and Lumpkin 2005) . It provides the opportunity, especially for the poorest urban dwellers, to produce fruit and vegetables otherwise not accessible for self-consumption. The localization of the gardens near the markets also reduces the need of conditioning and storage infrastructures and reduces post-harvest losses, which can be as high as 30 % (Drescher 2004) . In many cities, indigenous leafy vegetables constitute the main production (e.g., Amaranthus spp, Chinese cabbage, leafy cabbage, lettuce, coriander, and chive) (Kahane et al. 2005; Mawois et al. 2011) . Since these products are highly perishable-short shelf life-and do not support transportation to long distance, they offer to the urban producers a market niche that is not occupied by the rural production, located far away from to the urban centers (Gockowski et al. 2003) . In developing countries, the urban population strongly influences the amount of vegetables (especially leafy veggies) that is exchanged in the markets ( Table 9) . As a consequence, urban horticulture becomes an ideal complement to the rural production, crucial for the city food system. In
Vietnam, 26 types of vegetables are regularly produced in large quantities within the cities (Jansen et al. 1996) . In Hanoi, urban gardens occupy an area above 7,000 ha (Phuong Anh 2000). In Cuba, as a consequence of the American embargo and the resulting food scarcity, the government officially promoted urban production systems from 1999. In Havana, about 26,000 gardens for the self-consumption are found, most of them using organic farming protocols (Moskow 1999; Murphy 1999; Cruz and Medina 2003) . In Shanghai (China), the vegetables production cover more than 10,000 ha, and the number of greenhouses grows constantly (Yi-Zhang and Zhangen 2000). In the city of Baguio in the north of Philippines, following a governmental plan for nutrition (Philippines Plan of Action for Nutrition), between 1994 and 1998, 27,000 gardens in schools, 42,000 community gardens, and 1,600,000 family gardens were planned (Gayan 1996) . Urban horticulture provided incomes that were much higher than other farm-related activities: a report of the vegetable peri-urban production in Ho Chi Minh (Vietnam) highlighted that the net daily income Table 8 Revenue generated in different farming systems in Kumasi, Ghana (Danso et al. 2002, modified) from a vegetable-grown hectare was equal or higher than twofold as compared to rice, and allowed employment levels that were at least five times higher (Jansen et al. 1996) .
Factors that affect development and diffusion of urban horticulture

Apparent consumption
In developing countries, and particularly in those classified as "low-income" and "low-income with food deficit," per capita vegetable consumption is generally low and does not meet the WHO/FAO minimum recommended intakes of 400 g of fruits and vegetables per day or 150 kg/year (Tables 10-11 (Table 12 ). In the poorest regions (North and Northeast of Brazil), the vegetable and fruit consumption is generally lower as compared to richer regions of Southeast and South, in particular. In the former, vice versa, much more cassava flour-considered the bread of the poor-is consumed. In the North and the South, moreover, a great rate of these products is self-produced. The consumption-diversification becomes even clearer when analyzing different social classes (Table 13) . While the consumption of grains (mainly rice), legumes (mainly cowpea), and cassava flour decreases as the income increases-these foods represent the basic diet of the Brazilian population-the fruit and vegetable share increases. Moreover, the consumption in cities is much lower as compared to rural areas, where selfproduction strongly influences their presence in the diet (Table 14) . A similar trend is found in Bangladesh (Ali 2000) , while in Vietnam, a greater consumption of vegetables is found in cities as compared to rural areas (Lam and Khoi 1999) . In these countries, although the vegetable consumption appear to be extremely low, urban horticulture is stimulated and sustained by the demand of the city markets, mainly as a consequence of the increased demand of the richer classes. Such a statement is, however, not easy to illustrate with data since most of these markets are informal (Goossens 1997) (Fig. 3) , and most of the traditional horticultural food crops are poorly considered in national statistics (FAO 2003).
Access to natural resources and labor
Cities in developing countries are rapidly growing, with higher requirement of building areas and consequently increase in the land value. In this context, land access for the urban farmers becomes quite difficult and represents the most important limiting factor for their activity (Tixier and de Bon 2006; UN-HABITAT 2008a) . Consistently, producers often occupy marginal lands with low fertility that, other than limiting the productivity, strongly reduce the choice among species to be cultivated. The uncertainty of land availability also limits the choice of cultivated species to short-cycle crops (e.g., leafy vegetables) and the practices for restoring soil fertility in order to ensure short-term results at the expenses of medium-long term strategies.
Water availability is often limited; therefore, its use should be improved. Drip irrigation including simplified systems would be appropriate in this context; however, their use is very limited so far (Tixier and de Bon 2006) .
The productivity of market gardens varies significantly in different contexts and also in relation to the working conditions of the farming households. When producers find employment, most of the time temporary, in other sectors than agriculture (mainly in industries, services, or administrations), gardening becomes a part-time activity. In these conditions, production often becomes scattered and mismanaged.
Environmental pollution
Cities have in most cases highly polluted air, soil, and water. The best bet for the urban horticulturist is to grow plants under strong stresses, determined by high SO 2 , NO 2 , and ozone atmosphere concentrations, caused by the intense vehicular traffic (Agrawal et al. 2003) , and the soil contamination with heavy metals, hydrocarbons, and pesticide residuals. Another critical point is the achievement of a healthy product under these conditions. The greater risks, not only for the consumers but also for the producers who get in contact with contaminated material (e.g. from any waste, including non composted animal dejections), are related to heavy metal, pesticides, and microbiological contaminations (Buechler et al. 2006; Cofie et al. 2006) . The issue of polluted urban environment is also the risk to contaminate what has been produced safe: Poor storage, transport, and handling practices are often worst than producing ones, and closer to the consumer's plate (Onyango et al. 2008; Karanja et al. 2010) . The latest results highlight the need to sensitize consumers and not only producers about food safety. The concern of heavy metals mainly occur when cultivations are placed in former industrial areas or nearby factories (Pandey and Pandey 2009 ), on lands irrigated with water and/or, on solid contaminated industrial or mining wastes (Mapanda et al. 2007) . Avoiding cultivation in these contexts is an option to mitigate the risk of contamination. Indeed, accumulation of heavy metals in the edible parts of the plant varies among species and cultivars. As a general rule, leafy vegetables are stronger accumulators as compared to fruit vegetables or vegetables cultivated for their seeds, and therein, in critical contexts cultivation could satisfactorily be re-addressed to the latter (Gianquinto and Pimpini 1991; Odai et al. 2008; Säumel et al. 2012) . Pesticide residuals in the food products are caused by both the phytochemicals adopted during the cropping cycle and contaminated soils or waters. This remains an important problem in countries where pesticides that are already banned elsewhere are till commercialized. Toxic residuals tend to accumulate in the reserve organs of the plant, such as tubers and roots (Tixier and de Bon 2006) .
Finally, the microbiological risk-bacteria, viruses, protozoa, etc.-and the consequential risks for producers and consumers occur when using contaminated water or organic manures inopportunely processed.
Climatic conditions
The "heating island" effect found in cities, as compared to the countryside, is particularly critical in the tropical environment, where also meso-and macrothermal species are hardly grown during the warmest seasons (Jonsson, 2004) .
In Teresina, capital city of the Brazilian state of Piauì-and one of the most important city of Latin America for the incidence of urban horticulture-situated in the equatorial basin (5°05′ south and 42°48′ west), the minimum daily temperature during the dry season (midJune to the end of December) ranges from 20 to 30°C, while the maximum is always higher than 35°C, and goes above 40°C in the warmest periods (Bastos and de Andrade Júnior 2000). In these months, relative humidity ranges from 30 to 50 % during the day and 50 to 90 % at night. During the rainy season, temperatures, especially at night, are mitigated. However, owing to the extremely intense rainfall and the consequential erosion occurring in cropped lands, cultivation is almost impossible. The city growth has enhanced these phenomena, reducing water drainage, and confining agriculture to marginal areas normally subjected to flooding. In this period, cultivation is usually interrupted. In some cities (e.g., in Brazil and Argentina), municipalities are key actors of the urban production, and they are involved in the development of community gardens. In Northeast Brazil, a comanagement model is found where the municipality (prefeitura) and the urban communities collaborate with the following aims (Branco and de Alcântara 2012):
-To recover marginal lands (that would otherwise be illegally occupied or become landfill; -To improve health and food-security conditions of the consumers, with the use of artesian wells as a water source -To improve access to food, employment rate and family income of the households involved -To increase family aggregation and social inclusion, thus reducing child marginalization.
In Teresina, Piauì, nowadays, there are 52 community gardens (hortas comunitárias) managed as mentioned above. They take up about 170 ha of urban area and include the biggest community garden of Latin America the "Horta Comunitária do Grande Dirceu," which lies in an area, below the electric line, 4 km long.
A survey conducted in 43 out of these 52 gardens (Monteiro and Monteiro 2006) revealed that:
1. The majority of gardeners were women, over 45 years old, migrated from countryside of Piauí. 2. They cultivated the gardens together with their children and partner. 3. The majority of the producers did not attend learning programs related to the garden activity. 4. Seventy to eighty percent of the production was represented by coriander, chive, and lettuce 5. They usually applied pesticides-though in small quantities-to control weeds, pest, and diseases. 6. They self-financed themselves. 7. They sold the products at the garden, earning no more than one minimal salary.
Other important issues regarded the lack of consistent knowledge and skills on:
1. Methods of protection when applying chemicals 2. Alternative and sustainable cropping systems, such as organic agriculture, and techniques to obtain healthy products 3. Methods to preserve soil and water resources.
The study concluded that the low remuneration, which derives from the little crop diversification, the precarious organization and form of sale, and lack of financings, had driven some members of the family to search alternative occupations to complement the family income. The investigation also emphasized that most producers, already being involved in horticulture before, denoted the ability inherent in this type of activity. The authors affirmed consistently that gardeners would require only systematic qualification by the municipality, which should provide courses and/or seminars focused on alternative crops and cropping systems, implementation of organic agriculture, and promotion of sustainable local development. To support these efforts, the Federal "Ministério do Desenvolvimento Social e Combate a Fome" ("Ministry of Social Development and Against Hunger") has funded the Teresina Municipality with more than 1 million and 300 thousand Reais (R$) to be spent during 2012-14, in order to increase and innovate urban garden production, logistic and marketing through training, new equipment and materials (in particular, tools for irrigation), and to generate income for the beneficiary households (Portal dos Convênios 2012)
6 Traditional cultivation systems Systems adopted in urban horticulture are extremely diversified and, for the sake of this publication, could be classified into four main types.
6.1 Mixed farming systems on a limited acreage first target household consumption and small-scale marketing These market gardens (usually called family gardens, backyard, or community gardens as well) are usually found in urban areas on lands temporarily unoccupied or dedicated to horticultural activities by the municipality (e.g., community gardens in Brazil, Villas-Boas 2006). In some cases, these are family gardens located in the household courtyard or along the streets. Cultivation occurs in small growing beds, and it is widely diversified, ranging from leafy vegetables and others (beans, carrots, onions, solanaceae, cucurbits, etc.), to grains (e.g. corn, rice), ornamentals, herbs, and fruit trees (e.g., passion fruit, banana, papaya, coconut, avocado, etc.). Intercropping is frequent. Usually, open pollinated cultivars are used; seeds and seedlings are purchased from informal markets. Organic fertilization is common, altogether with crop protection strategies (against rainstorm or excessive radiation), but very competitive due to less and less animal husbandry located in the vicinity. Irrigation techniques are diverse, ranging from infiltration systems (side infiltration or temporary flooding of the beds), to the most common wetting through water cans or buckets. The latter appears to be more efficient, allowing more precise distribution and water use efficiency, but at the same time requires more labor: In the tropical regions, manual irrigation shall be performed two to three times per day what represents about 60 % of the manpower required for vegetable production (Tixier and de Bon 2006) . In tropical climates, plant water requirements range from 400 to 800 l m −2 for tomato production (about 120 days from transplanting to harvest) and 150 to 300 l m −2 for leafy vegetables with a life cycle of 30-40 days (Tixier and de Bon 2006) . In arid and dry climates, water requirements may be higher (up to three-to fourfold), and this also occurs when the adopted irrigation systems are scarcely efficient. Consistently, a primary objective is the improvement of water use efficiency, by the use of drip irrigation or simplified localized irrigation, which allows avoid water contact with the aerial part of the plant-and contributes to the reduction of pest occurrence and microbiological contamination. Such systems may contemplate, as an example, the use of water tanks of 200-250 l placed at 2 m height-possibly filled with rainwater collected from roofs-from which a series of irrigation pipes (5-10 m long) deliver irrigation to the garden. Sand filters (Khosa et al., 2003) can be adopted in order to avoid clogging of the drippers. These systems are particularly useful for urban producers since they do not require high starting capitals (Ghosh 2004).
6.2 Extensive monocropping systems for both home consumption and market
Within this class fall those farms that are usually found in the periphery of the city, on lands occupied or owned by the producers (or rented). Generally, no irrigation is provided to the crops, and also the use of both organic and inorganic fertilizers is scarce. As a consequence, the choice of species to grow is oriented to the locally adapted ones (e.g., cassava, yam, sweet potato) or mostly consumed (e.g., corn, rice). A possible example of these systems has been described by Lemeilleur et al. (2003) , when addressing banana production systems in the city of Yaoundé (Cameroon). Plantations were generally located along steep slopes, generally unsuitable for settling houses but optimal for plant cultivation (e.g., better sun exposure and water management during the rainy season). These farms were generally 2.5 ha big, representing an equilibrium between the activities that could be carried out by individuals of an household and their food needs. Moreover, although the farm resulted to be subdivided in few smaller gardens, all of them were located within small distances, and transport was one of the main production costs. Major constraints faced in these situations were generally associated to theft of the produce and the scarcity of available agricultural inputs (e.g., pesticides). Similarly, Bhatta and Doppler (2010) documented the main features of monocultural peri-urban systems in Nepal, describing farms located in sloped lands for about 50 % of their surface, mainly producing vegetable crops sold in the nearby markets. However, these systems that previously took advantage of the reduced transport costs as compared to the rural production, nowadays, are losing relevance, since they must compete with the diffuse small-scale production that is encountered within the city.
Shifting cultivation systems
It is also called slash-and-burn systems, representing the basic cropping system found in many tropical regions. They usually occur in areas occupied or rented from the land-owner. In the city borders, they appear as a result of both the migratory flux of the population toward the cities and the enlargement of the city over previously forested lands. They basically consist in a first stage of cutting the forest down in a delimited surface (about 1,000-5,000 m 2 ) in the city borders. The vegetation is then burned (for the production of ashes), and successive crops are directly sown with no further soil preparation. In these systems, a great coexistence of bio-diverse species is found, ranging from corn to cassava, beans, rice, okra, various cucurbits, chili pepper, etc. No fertilizers are adopted other than the combustion ashes, and no irrigation is provided. In the first year, production is generally satisfactory (as a consequence of the rapid mineralization of the organic matter and the presence of ashes), while in the following years, productivity decreases more or less rapidly in relation to the soil features and the organic matter degradation (Sanchez 1976) . Consistently, after a certain number of years, the cultivation is shifted to allow soil fertility to recover. In the past, the cultivation frequency-expressed as percentage of the length of the cultivation period over the total cycle length (cropping + recovery)-was about 10 % (e.g., cultivated 1 year and recovered for 9 years). Nowadays, the increased urbanization and population growth has increased the values to 50 % and even 70 % (Norman et al. 1995) . The ecological and environmental impacts of this cropping intensification without addition of fertilization are marked and the consequences may be extremely negative.
6.4 Intensive horticultural cropping system on medium-or large-scale farms This system is usually conducted in lands owned (or rented) by the producers and assumes the form of real agricultural farms. These farms are located in the peri-urban area, and the production is strongly market-oriented. They can either be specialized in one or few crops (in case of fruits for instance) or produce a high diversity of species (usually the case with vegetables). Farmers make use of improved cultivars, often F1 hybrids or grafted materials, and their technological skill is comparable to the one of farmers in more developed countries, where they often have studied themselves. Agricultural practices are partially mechanized, although the farm still relies on the cheap labor forces. The soil is often amended and fertilized with mineral fertilizers. Irrigation systems are adopted, also with the use of localized irrigation, rain harvesting, and, in some cases, fertigation. These systems are input intensive and may use greenhouses and in some cases soilless cultivation; they also integrate pesticides for pest and weed control in prevention programs rather than an IPM approach. However, due to the pressure exerted by both market standards and environmental regulations, "environmentally friendly" production strategies are also very relevant for these production systems.
As presented these typologies of farming systems have several levels of complexity regarding both technologies and agronomic practices adopted for horticultural species. However, even in the most simplified system, the appropriate management of agricultural inputs is a key for producing fresh produce. Its high quality value has to deal with high nutritional value and low risks for the producers, the consumers and the environment. As a general rule, it can be said that the risks of urban horticulture are those usually found in rural condition, although amplified by the proximity and density of the resident population and by the strong artificial context. As a consequence, considering the preventive measures required when utilising agricultural inputs that represent a risk for the human health and the environment, the urban context turns the risks at a higher degree. In addition, the information system in a city gives all actors of the food chain, including local authorities, higher visibility, and also more responsibility.
The use of pesticides including obsolete ones, which are often not registered, represents a high risk for human health. Their use depends on their cost and the higher is the crop value the more expensive would be the cost of management practices. Very often, farmers do not observe the safety delay after treatment and crops can be sprayed with pesticides till a few hours before harvest, even after harvest in some cases where it is considered as "an added value by consumers." In these situations, the pesticides used can be very toxic and content highly persistent products that are being banned in more industrialized agricultural systems. Although there is not a comprehensive description in current literature, several cases have been reported of residue levels higher than the maximum acceptable thresholds in such contexts (Amoa at al. 2006; Midmore and Jansen 2003; . The problem of the risk is considerable also for the producers that usually use phyto-chemicals inappropriately, without protective measures for them and the environment. One way to reduce these risks is to make available qualified technical assistance for appropriate technology transfer to the production area.
Innovative cropping systems
New technologies have been developed in order to (1) address the low soil fertility and/or water availability, (2) optimize the cultivation in limited spaces, and, (3) minimize the impact of the horticultural production to the environment and human health. Such technologies have proven to be efficient in addressing these constraints, but need to be integrated into local farming and food systems to have a chance to be adopted. In particular, they need to be associated with knowledge transfer and technical assistance. Some of them use natural substrate and various kinds of compost (e.g., organoponic cultivation), others refer to simplified soilless systems. These highly intensive cropping systems find their application in urban and periurban areas where cultivation space is very scarce and its use very competitive. In highly urbanized contexts, they are found on the rooftop of houses (Kundall 1995; Deesohu Saydee and Ujereh 2003; Shariful Islam 2004; Viney et al. 2011) . Rooftops planted with plants also contribute to the house thermal insulation (Eumorphopoulos and Aravantinos 1998) and reduce the energy required for cooling the house (Wong et al. 2003) .
Organoponics
Organoponic systems consider the cultivation on organic substrates where soil present low fertility and no chemical is brought. Crops are hosted in containers filled with compost or organic matter of various origins. The adoption of properly composted animal manure has proven to ensure high yields and healthy produce. It was commonly adopted in Venezuela and Cuba (Cruz and Medina 2003; Tixier and de Bon 2006) . In Cuba (Fig. 4) , this system was promoted and supported by governmental programmes since the 1980s, when the fall of the Soviet block and the more severe sanctions from the USA caused serious concerns on food insecurity (Altieri et al. 1999) . Cuban organoponic systems Fig. 4 Organoponic gardens in Cienfuegos, Cuba use a mixture of soil and organic matter (residual of the sugar production chain) in measure of 50:50 v/v. These systems provide products for household consumption as well as for school canteens, hospital, and working refectories. They are usually managed by individuals or cooperatives (Novo and Murphy 2000) . In Havana, more than 450 organoponic gardens could be found in 1999, out of which about 20 were considered highly productive (providing yield of 16 kg m −2 ) (Murphy 1999) . More than 200 are still running according to Wikipedia (search at: Organopónicos) and provide the Havana inhabitants with 50 % of their needs in fruits and vegetables. Best gardens were also used for training and dissemination; they are nowadays studied by scientists and extensionists (FAO Greener Cities 2012). These gardens were famous in particular for the diversity in fruits and vegetables produced in the city (Skeffington 2006). These technologies of production are strictly related to ecologically friendly agronomic practices, and particularly to the improvement of fertility through the use of microorganisms and the adoption of integrated and organic control systems (Prain 2006) . Cuba is the world leader in the production and use of entomopathogens that are produced in specialized centers and distributed through various channels, including "corner shops" and technical assistance centers (Rosset and Benjamin 1994) . It is surprising that such a system has not yet spread elsewhere in the world for its objective benefits, and not only for political reasons like in Caracas, Venezuela. For instance, while in Cuba, organoponics developed following a bottom-up approach in response to the food crisis, in Venezuela, they were introduced through a topdown governmental program and production was constrained by the high atmospheric pollution of the city, as well as to the low interest from the local population. The financial and food price crises will probably attract more attention to this way of promoting "eat local" movement (Israel 2008; Prain 2010 ).
Simplified hydroponic systems
The diffusion of simplified hydroponic systems is strongly encouraged by the FAO through microgardens, and they are nowadays found in several countries of Africa, Asia, and Latin America (FAO Micro Gardens 2010; Institute of Simplified Hydroponics 2011) (Fig. 5) . This term usually includes both the "pure" hydroponic systems (where the roots are submerged in the nutrient solution, e.g., floating system), and systems that consider cultivation on substrates of various nature, watered with nutrient solution. The latter can easily be adopted in diverse climatic and environmental conditions, while the former are difficult to use above certain temperatures for the concentration of oxygen in the nutrient medium is inversely related to the temperature, and consequently, root oxygenation may be affected. The floating system is also discouraged in regions where diseases such as malaria, which is transmitted by mosquitoes, are found because the vectors may lay their eggs in the cultivation tanks (Klinkenberg and Amerasinghe 2006) .
The sustainability of hydroponic systems has been reported in several situations and countries (Bradley and Marulanda 2001; Marulanda and Izquierdo 2003; Caldeyro-Stajano 2004; Izquierdo 2007; FAO 2007; Gianquinto et al. 2007a, b; Klinkenberg et al. 2008; Fecondini et al., 2010; Orsini et al. 2010a, b, c) . In Trujillo (Peru), the time for the return of the initial investment was defined in <1 year for both substrate and floating systems (Orsini et al. 2010b, c) . Similarly, <1 year was needed to pay back the initial cost of a Garrafas pet hydroponic system in Teresina (Brazil) (Fecondini et al. 2009; Orsini et al. 2009 ). In the same study, it was shown how both the quantity and the diversity of vegetables in the diet were improved by participation to a program promoting simplified hydroponics. Nonetheless, it should always be considered that the identification of appropriate technologies to both the financial condition and the skills of the farmers is crucial for the technique to provide appreciable results. At present, these techniques are becoming very popular in several Latin American countries (Rios 2003; Tabares 2003) . Experimental trials conducted in Teresina (Brazil) have shown that the mean daily water needs for a lettuce crop grown on a Garrafas PET system (Gianquinto et al. 2007a, b) are about 2.0-2.5 l m In the simplified hydroponic systems, the critical points are associated with water quality and fertilizer availability. If the available water is saline or contaminated with chemical or biological agents, the system management may become problematic. To avoid such a problem, it is recommended to harvest rain water, characterized by low electrical conductivity as well as low microbial and algae contents. The constraint remains in water storage and investing in a water tank. According to preliminary results, the adoption of waste water instead of using nutrient solution prepared from mineral fertilizers, as suggested by some authors (Mavrogianopoulos et al. 2002) , may not be feasible.
The success of hydroponic systems relies much on the nutrient solutions supplied to the plants: their availability in developing countries, their affordability for small-scale gardeners, and their reliability since the users will not buy huge stocks in advance, but a daily or weekly quantity. Ideal and most sustainable situations involve a public institution, like La Molina University in Peru that sells nutrient solutions to growers (Rodríguez-Delfín et al. 2001; La Molina 2012) . The Institute of Simplified Hydroponics (www.carbon.org) assists horticultural groups in several developing countries (e.g., Afghanistan, India, Peru, Senegal, Venezuela) also providing training courses. Moreover, the Vegetable crops and Urban Horticulture Research Group of the University of Bologna provides assistance, technical training, and manuals on simplified soilless techniques (Orsini et al. 2010b, c) in Peru, Brazil, Mauritania, Ivory Coast, Burkina Faso, and Myanmar.
Conclusions
In several cities of developing countries, urban horticulture significantly contributes to food and nutrition security of urban dwellers. It is expected that this agricultural activity will gain in recognition for its benefits and services in a near future since towns and cities, especially in the developing world, are growing on an unprecedent scale and rural-urban migration is still on the rise.
The production of fresh fruit and vegetable that can be available also for the poorest population and their subsequent improvement in terms of both food security and health conditions is one of the primary objectives of urban horticulture (Urban Harvest 2011; UWEX 2011). Indeed, other roles of urban horticulture, namely, the (1) socioeconomic (income and employment generation and social integration of the disadvantaged people) (UNDP 1996); (2) cultural, educational, and recreational (mainly for the youngest) (PUVEP 2011); (3) ecological/environmental (maintenance of the biodiversity, waste management and recycling, reduction of the city environmental footprint, improvement of the microclimate, and requalification of marginal and abandoned areas) (ACGA 2011), should also be considered. The current multifunctionality of urban horticulture will become crucial for the sustainability of food city supply in the future, as it is adopted and promoted by the local institutions and governments (Livelihoods Connect 2011; ProHuerta 2011; Prolinnova 2011) .
It is estimated that worldwide, about 25-30 % urban dwellers are involved in the agro-food sector. The relevant importance of this subsector has finally attracted the attention of several local authorities who have recently included space for horticulture in the urban master plans of their cities (Prain 2010) . The availability of horticultural produce, the crop residuals (including water) management and the connection among the different actors involved in the food system are the main aspects that should be considered in the future development of the sector. It is reasonable to expect not only from governmental organizations and local authorities but also from the private sector, the promotion of training and technical assistance for the actors of urban farming, with a special regard to soil and water management, impact practices, farm management, postharvest and marketing, and control of the risks for both human health and the environment.
The urbanized environment is bringing to the front a category of actors that is playing a bigger role every day, also in developing economies: the consumers. Local authorities realize that the consumers are also their electors. Satisfying their needs in terms of food security is therefore becoming a political priority. Human health through food safety and diversified diet is also becoming an urgent issue that mayors and district officers cannot ignore anymore. Urban horticulture will not be driven by production anymore, rather by consumption. The way food and nonfood horticultural produce is grown, handled, traded, and processed before it reaches consumers' plate will be designed by the consumers, and the appropriate technologies and/or food systems will then be adapted and applied. This is where general awareness on the benefits of horticulture as food, and also as economic, cultural, and environmental elements of the society is needed.
Further research should therefore address a better understanding of the relations between plants, city dwellers, and the urban environment, and establish the conditions for permanent upgradable systems able to adapt to an environment that changes day by day.
